3.25±2.5 mm in relapse patients and 1.67±1.1 mm in disease-free patients. The presence and titer of antibody directed against melanoma in either native serum or serum dissociated from immune complexes was found to be associated with eventual relapse (P = 0.0001). When results were subgrouped by stage of disease, Breslow depth, and hypopigmentation, antibody reactivity was still correlated with eventual relapse. The incidence and titer of antibody reactivity against melanoma appears to be a new prognostic factor in predicting eventual disease recurrence.
Introduction
A basic premise of tumor immunology is that neoplastic cells are distinguished from their normal counterparts by the presence of tumor-restricted antigens (1) . Melanoma is a tumor in which immune factors have been implicated in the pathogenesis and natural history of the disease. Melanoma cell surface antigens of several degrees of restriction have been detected by antibody of autologous, allogeneic, and xenogeneic origin (2) (3) (4) (5) (6) (7) (8) (9) (10) . Several of these melanoma cell surface antigens, which have been shown to be shared or common, have been detected upon a majority of melanomas studied. The relationship of these antigens to the immunobiology of cancer is uncertain. However, it has been suggested that the presence of certain cell surface antigens or the existence of antibody to other such antigens is of prognostic significance (11, 12) .
It has been reported that antibody which is reactive to autologous tumor is infrequent and of low titer in patients with metastatic melanoma (7, 9, 13) . In those patients, we have demonstrated that antigen-antibody complexes may serve as a reservoir from which antibody binding to autologous tumor may frequently be retrieved (13) . We have also shown in the serum ofpatients with metastatic disease that antibody reactivity, which is followed serially at frequent intervals, may be correlated with tumor progression and clinical course (14) .
These findings suggest that host-derived antibody responses to cancer detect physiologically relevant antigens which may be related to the clinical course and prognosis of malignancy. We have now turned to an examination of the serum of patients without active metastatic disease to determine the relationship ofmelanoma-reactive antibody to clinical course. We elected to study the allogeneic antibody response in 43 patients with stage I and II melanoma prospectively entered into an adjuvant protocol.
Methods
Patient population 106 patients with high risk stage I or stage II (lymph node metastases) melanoma were entered into an adjuvant study. Following definitive surgery, all patients were randomized to receive 5-methyl-(3,3-dimethyll-triazeno)-imidazole4-carboxamide (DTIC)' plus bacillus CalmetteGuerin (BCG), depigmentation therapy with monobenzyl ether of hydroquinone (MBEH), or null (standard) therapy. Patients were followed for relapse by physical, laboratory (complete blood count and liver function tests), and radiological (chest x-ray, liver-spleen scan, tomographic 67Ga scan) examination at 3-, 4-, or 6-mo intervals in the first, second, and third yr after diagnosis. The results of this trial have been reported elsewhere (15) . No statistically significant difference in relapse rate or death was noted among the three study groups.
Serological methods
Serum samples were available in 43 ofthe 106 patients entered into the adjuvant trial described above. Serum samples were obtained at study entry, within 2 mo of definitive surgery. At 
Statistical methods
The Wilcoxon two-sample rank sum test (18) was used to assess the association between antibody titer and relapse status. A multivariate analysis ofantibody titer, stage ofdisease, and Breslow depth as prognostic variables for relapse was performed using step-wise logistic regression. The relationship of time to response with antibody titer was assessed using a Cox Regression Analysis. Table I and the distribution is similar to that ofthe 106 patients in the adjuvant trial from which this subgroup of patients was obtained. The sole criterion for patient selection was the availability of serum for study. All patients who had serum available were evaluated. No patients were lost to follow-up and there were no deaths in the disease-free group. Of the 15 patients who subsequently relapsed, 11 have died of progressive disease.
Of the 43 patients studied, 15 relapsed and 28 'remained disease-free. At entry, there were 25 stage I patients and 18 stage II patients. In disease-free patients, median follow-up time was 4.8 yr (range 2-7 yr). In the patients who relapsed, six were stage I and nine were stage II. Median time to relapse was 21 ± 13 mo overall. In stage I patients, median time to relapse was 24±14 mo. In stage II patients, median time to relapse was 19±13 mo. Of the patients remaining disease-free, 19 were stage I and 9 were stage II. Hypopigmentation was noted in six patients who relapsed (relapse patients) and nine disease-free patients. Breslow depth was 3.25±2.5 mm in relapse patients and 1.67± 1.1 mm in disease-free patients. In both groups, there was a preponderance of male patients. This was a reflection of the male/female ratio found in the adjuvant study from which these patients were selected (15) .
Serological studies. Native serum and serum subjected to AD&U were tested for antibody reactivity against allogeneic Native serum antibody reactivity to melanoma was found in 0:28 patients who remained disease-free and 7:15 patients (mean titer, 1:12) who subsequently relapsed. In sera subjected to AD&U, 12/28 disease-free patients and 14:15 relapse patients demonstrated antibody reactivity. Mean antibody titer in serum subjected to AD&U was 1:7 in disease-free patients and 1:105 in relapse patients. The differences in antibody titers between disease-free and relapse patients were statistically significant in both native and AD&U serum (P = 0.0001).
Specificity analysis. Sera from three relapse and two diseasefree patients were tested against three additional melanoma cell lines. Antibody reactivity was tested in both native and AD&U sera when possible. Sera S779, S939, and S75 had no antibody reactivity in native sera. Antibody reactivity was noted against all three melanoma cell lines in four of five sera tested. Sera S779 detected two of three melanoma cell lines. These results are summarized in Table II Absorption with lymphocytes failed to reduce antibody reactivity against Y-Mel 81:180 in four of the five sera tested. The one exception was serum S776, which was obtained from a patient who has remained disease-free (Table UI) . No change in antibody reactivity was seen after absorption with fetal calfserum or BCG in all five sera.
Immune complex detection. Circulating immune complex levels were measured in six relapse patients and eight diseasefree patients. The same serum samples used to study antibody reactivity were used in immune complex measurement. In no instance were elevated levels of circulating immune complexes detected when measured by anti-Clq or anti-C3d ELISA assays. We have previously shown that elevated levels of circulating immune complexes were not detected by the Raji cells or 1251 Clq binding assays in three autologous systems (14) .
Statistical analysis. Statistical analysis revealed that the titer ofantibody reactivity to melanoma bore a significant relationship to eventual relapse both in native (P = 0.0001) and AD&U (P < 0.0001) sera. Serological results in groups stratified by stage of disease, Breslow depth, the presence of cutaneous hypopigmentation, sex, site ofprimary, ulceration, and subsequent therapy were evaluated. The most significant indicators of prognosis, in the clinical study to which these serological results pertain, were stage of disease, Breslow depth, and the presence of hypopigmentation (16) (Fig. 2) . No prognostic significance was associated with the other variables shown in Table III . When grouped by prognostic variables, it was noted that recipients of depigmentation therapy with MBEH (n = 17) and those with a primary lesion originating in an extremity (n = 14) failed to show a statistically significant association in native sera. This may be due to the small number ofpatients involved. However, after sera were subjected to AD&U a statistically significant association was achieved. While AD&U did not 
Discussion
This study was carried out to determine whether antibody reactivity to a melanoma cell line bearing a common melanoma cell surface antigen (13) might demonstrate any relationship to the natural history of the disease in patients entered into a prospective adjuvant trial. This paper is an extension of previous work in which we noted that autologous antibody reactivity in patients with metastatic melanoma, followed serially, could be correlated with clinical course (14) . Our results demonstrate that the presence and titer of antibody reactivity against cultured allogeneic melanoma cells is associated with eventual tumor recurrence.
The significance of this factor is surprising (P = 0.0001), and its association with relapse is the opposite from that which has been reported elsewhere (11, 12) .
A number of prognostic factors have been described in patients with stage I and II melanoma. They include: the presence of lymph node involvement, tumor thickness, lymphocytic infiltration of the primary, ulceration, site of primary, age, sex, and others (19-23). This study suggests that the presence and titer of antibody reactive against melanoma is a new prognostic factor in patients who present with surgically curable melanoma. When the patients were further grouped by stage of disease, Breslow depth, and the presence or absence ofhypopigmentation, antibody reactivity was still found to be significantly associated with relapse (Table III, Fig. 2 ). In addition, it was found that the level of antibody titer was associated with the time to relapse. Finally, a multivariate logistic regression analysis found that antibody titer was significantly associated with relapse in the presence of stage of disease and Breslow depth.
Other investigators have examined the prognostic role of antibody and tumor-associated antigens in melanoma (1 1, 12) . Jones et al. (12) found that elevated levels of IgM antibody directed against a melanoma-associated oncofetal antigen were positively correlated with an increased disease-free interval. Werkmeister et al. (1 1) noted that patients whose melanoma cells were reactive with melanoma-associated antiserum CHI had a longer disease-free period.
In native serum, antibody reactivity against melanoma was found in only 7 of 43 patients studied (16%), all of whom subsequently relapsed. These results (Fig. 1) demonstrate the prognostic association of antibody directed against melanoma and disease recurrence. However, the low incidence and titer ofthese antibodies hamper their further use. Our previous work has shown that treatment of serum by AD&U augmented reactivity of autologous antibody to melanoma in 9 of 10 cases studied (13, 14) . The results reported here illustrate the significance of circulating immune complexes as a reservoir of tumor-reactive antibody and again demonstrate that antibody reactivity in serum can be augmented when subjected to AD&U. Following AD&U, the serum of 26 patients (60%)o demonstrated antibody reactivity to melanoma. The overall association with relapse in the serological studies of serum subjected to AD&U was not markedly altered from those obtained in native serum. However, when the results were stratified by various prognostic factors, serum results obtained following AD&U appeared to allow a greater discrimination between some subgroups (Table III) .
Specificity testing of sera obtained from three relapse and two disease-free patients demonstrated antibody reactivity against three melanoma cell lines in addition to Y-Mel 81:180. These results suggest that the antigen detected is broadly represented in melanoma. In order to determine if the antibody was detecting a histocompatibility antigen, absorption with EBVtransformed lymphocytes (Y-Lyc 81:180), obtained from the same patient as melanoma cell line Y-Mel 81:180, was performed. Antibody reactivity against melanoma Y-Mel 81:180 was not removed following absorption in all three relapse patients and one patient who has remained disease-free. The one exception to this was in the sera of a disease-free patient (S776), suggesting that in that instance the antibody detected was directed against a histocompatibility antigen. The fact that antibody reactivity was removed by EBV-transformed lymphocytes in one patient who has remained disease-free adds further weight to the prognostic power of the serologic studies reported here.
Studies evaluating the role of immune complexes in malignancy have found the presence of elevated levels of circulating immune complexes to be positively correlated with stage of disease, tumor burden, and a worse prognosis. Carpenter et al. (24) reported a strong correlation between immune complex levels and patients with acute myeloid leukemia. Patients with elevated levels of circulating immune complexes were found to have a poorer prognosis. Rossen et al. (25) found that, in 53 patients with advanced melanoma, the presence ofCl q-binding immune complexes was correlated with a shorter survival than those without elevated levels of circulating immune complexes. More recently, Gupta and Morton (26) reported that the presence of tumor-assocated antigen or immune complexes in patients with stage II melanoma was correlated with a higher rate ofrecurrence.
Our failure to detect elevated levels of circulating immune complexes in the sera of the patients studied here, using two assays, does not rule out the presence of tumor-associated immune complexes in our patients. Ruell et al. (27) reported that, in patients with melanoma, although the incidence of immune complexes rises with stage of disease, the low prevalence of detectable complexes limited their diagnostic utility. Immune complex levels often dropped prior to clinical relapse, suggesting that antigen excess was a frequent cause for the failure to detect immune complexes. No assay currently available reliably detects small noncomplement binding immune complexes, as might be found in patients with malignancy and large quantities of circulating antigen (28) .
What role the antibodies we have detected may play in the pathophysiology of melanoma remains to be determined. It may be that the antibody is reacting to subclinical deposits of tumor cells. If this is the case, serological studies of antibody reactivity may provide a highly sensitive indicator of residual disease. Alternatively, the antibody may be involved in modifying the host's humoral and cellular immune responses. Murray et al. (29) found that the serum of patients with disseminated melanoma contained a factor which blocked leukocyte-dependent antibody activity (LDA); Serum treated by AD&U was able to restore LDA against allogeneic melanoma cells. LP)A was blocked by whole serum, the filtrate removed by AD&U, and a combination of filtrate and retentate. They postulated that immune complexes and tumor-associated antigen may be involved in the immunomodulation of the host's response. Subsequent studies have reported that the presence of LDA could be correlated with a better prognosis (30) .
The immunoregulatory role ofantibody to melanoma is unknown in man. In experimental animals, the capacity ofantibody to regulate anti-tumor effects has been studied for nearly two generations in the setting of "immune enhancement" (28, (31) (32) (33) (34) (35) . It is unknown whether the antibody reactivity against melanoma cells reported here is involved in the regulation of the host's immune response. Our findings suggest that tumor-reactive antibody, the antigen against which they may be directed, or the immune complexes that are formed, may provide an explanation of the natural history of melanoma. The tools for the dissection ofthe various components ofthe cellular and humoral responses are now available. The prognostic association documented here underscores the importance of further work to determine the nature of the tumor immune response and biochemical nature of the antigens against which it is directed.
